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Jean-Alain MARTIGNOLES5, Francois DELHOMMEAU5, Christine Bellanné-Chantelot6,
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Abstract

Shwachman–Diamond syndrome with Shwachman–Bodian–Diamond syndrome (SBDS) biallelic variants is a rare disorder that

predisposes the carrier to malignant hemopathies but solid-cancer predisposition is poorly known. Among 155 cases entered in

the French Severe Chronic Neutropenia Registry, three were identified original with malignant solid tumors (ovary, breast and

esophagus). All cancers occurred in the fifth decade and, despite being at localized stages at diagnosis, they were rapidly fatal

thereafter. No cancer was observed in the 14 HSCT survivors post transplantation. Based on our experience and the literature,

age >40 years was the only apparent risk factor.

INTRODUCTION

Shwachman–Diamond syndrome (SDS; OMIM 260400) is a rare autosomal-recessive multisystem disorder
characterized by exocrine pancreatic dysfunction and neutropenia.1, 2 It is mostly caused by biallelic germline
variants in the Shwachman–Bodian–Diamond syndrome (SBDS ) gene.3 The disease’s natural evolution is
characterized by a long phase of mild neutropenia, which can evolve into aplastic anemia, myelodysplastic
syndrome (MDS) and/or acute myeloid leukemia (AML) ( 35% by 30 years of age).2, 4 In addition, results
of a recent study emphasized the relationship between tumor protein 53 (TP53 ) mutations and malignant
hemopathies in SDS.5 Solid tumors have rarely been reported in SDS. Only four have been published so far:
ovarian cancer,6breast ductal adenocarcinoma,7dermatofibrosarcoma8and pancreatic adenocarcinoma9(Table
1). Moreover, to date, no cohort study has estimated the solid-tumor rate or identified risk factors. That
context incited us to report the French Severe Chronic Neutropenia Registry’s experience.

RESULTS and METHODS

The Registry was initially created in 1993; since then, enrollment has been prospective. Full description

1



P
os

te
d

on
A

u
th

or
ea

15
O

ct
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

27
97

34
.4

31
21

12
7/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. of Registry methods is available elsewhere.2 The common definition of SDS was applied,10 and all patients
reported carried a molecularly confirmed SBDS mutation. The cutoff date was 31 May 2020. Cancers were
classified according to the World Health Organization classification during a centralized review of the tumor
samples (JFE) subjected to NGS analysis somatic study. Among the 155 patients included in this study
[median follow-up: 16.4 years (2742 person-years)], three developed solid tumors during their monitoring.
The cancer rate was 0% by the age of 40 years but increased dramatically during the 5th decade (Figure
1). Their clinical histories are described. They were all followed according to published guidelines10 and
none have presented, prior cancer diagnosis a myelodysplasia, and none have received GCSF prior cancer
diagnosis.

Patient #5254

A 3-month-old male was diagnosed with SDS. Because of recent dysphagia, at 48 years of age, he underwent
esogastroduodenal endoscopy that revealed a moderately differentiated esophageal squamous cell carcinoma.
The disease was localized without metastases. Treatment with a neoadjuvant radio- and chemotherapy
(FOLFOX) preceded Mc Keown esophagogastrectomy. Histopathological studies showed a well-differentiated
and mature squamous cell carcinoma limited to the muscle layer, without vascular, nerve or lymph-node
involvement, and with healthy surgical margins (pT2N0M0). Four months later, during routine postoperative
monitoring, he developed bilateral pleural effusions. Thoracentesis revealed a cancer-free chylous liquid. The
thoracic duct was ligated laparoscopically due to unresponsiveness to medical treatment. One week later, the
patient became febrile with acute respiratory distress. Pseudomonas stutzeri colonies were isolated from his
left pleural effusion. Despite broad-spectrum antibiotics, G-CSF use, assisted ventilation and hemodynamic
support, he died at the age of 49 due to multiorgan failure following a rapidly unfavorable course. NGS
of cancer cells showed a pathogenic TP53 variant (c.638G>A; p.Arg213Gln), with an 18% variant-allele
fraction (VAF), and a pathogenic HRAS mutation (c.175G>A; p.Ala59Thr), with a 5% VAF.

Patient #5726

This woman has been followed for SDS since she was 10 years old. At 47, she was diagnosed with peritoneal
carcinomatosis. Her initial signs were asthenia, diffuse abdominal pain, abdominal distension, anemia, and
hypoalbuminemia with coagulation disorders (prolonged prothrombin time (PT) and partial thromboplastin
time (PTT)). Histology of biopsies showed peritoneal adenocarcinoma in favor of a serous extension of an
ovarian or primary peritoneal adenocarcinoma (BRCA1 and 2 negative). The extended work-up found mul-
tiple peritoneal nodules without hepatic, splenic, retroperitoneal, bone and cervical–thoracic localizations.
Because of a potential paraneoplastic coagulopathy (PT < 40% and low coagulation factor concentrations,
absence of circulating anti-VII autoantibodies), conventional chemotherapy (carboplatin–taxol) was pre-
scribed, even though the tumor was resectable. She responded well to three chemotherapy cycles, followed
by total hysterectomy with bilateral adnexectomy, omentectomy and peritonectomy, right colectomy, left
colectomy and partial hepatectomy. Tumor histology revealed papillary and serous carcinoma of the peri-
toneum. The postoperative course was marked by severe infection. Ten days after surgery, she developed
emphysematous cystitis with multifocal right pyelonephritis. No germs were identified. Despite respiratory
assistance, empirical antibiotic therapy and G-CSF use, her situation deteriorated rapidly; she died 6 months
after cancer diagnosis. NGS of cancer cells showed aTP53 pathogenic variant (c.329G>C, p.Arg110Pro) with
92%VAF, which suggests either variant homozygosity or deletion of the chromosome 17 which could not be
studied in our sample.

Patient #5601

Case 3 was a woman, diagnosed with unilateral breast cancer at the age of 43. Her disease course was
marked by a permanent neutropenia and thrombocytopenia. During a breast cancer screening, she was
diagnosed with invasive ductal adenocarcinoma of the right breast: T1aN0, Her2-negative, estrogen- and
progesterone-receptor–positive. She underwent partial mastectomy followed by radiation therapy with no
significant complications. She died 11 months after her cancer diagnosis but no additional information are
known about her death circumstances.

2



P
os

te
d

on
A

u
th

or
ea

15
O

ct
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

27
97

34
.4

31
21

12
7/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. The initial biopsy was not available for analysis NGS analysis.

DISCUSSION

We described three SDS patients who developed solid tumors. Table 1 summarizes their cases and four
others previously published.6-9 All the cancers in our series occurred during the fifth decade (median: 47
years), whereas the published cases of cancers in SDS patients appeared slightly earlier (median: 34.5 years;
range: 17–43 years). Five (71.4%) of the seven patients were women, two with breast adenocarcinoma and
two with ovarian tumors. All reported cases had localized or locally advanced disease at diagnosis.

The overall cancer rate for SDS patients in our Registry was 1.9% (3/155); cancer development was clearly
age-related, because all occurred between 40 and 60 years of age. That rate is not as high as that for
malignant hemopathies,2 but the SDS–cancer relationship remains a worrying observation. Age was the
sole risk factor identified. None of these cancers was preceded by exposure to chemotherapy, radiotherapy,
immunosuppressive agents or G-CSF therapy. Notably, among the 21 SDS HSCT patients in our 155-patient
cohort, 14 survived >5 years without any diagnosed solid tumor. That observation contrasts with another
model of inherited bone-marrow failure like Fanconi anemia. The latter is characterized by the occurrence of
solid ENT cancers (head & neck squamous cell carcinoma) after chemotherapy, in particular post-HSCT.11

The care of the cancer is another concern in SDS patients as their overall survival lasted <1 year, and
death was attributed to cancer progression or therapeutic complications. Patient #5726 and patient #5254
received lower first-line treatment doses because of preexisting neutropenia or thrombocytopenia. These
observations emphasize the difficulty to manage solid cancers in patients with SDS despite the adaptation
of cancer therapeutic guidelines.

Lastly, tissue NGS study in the 2 patients which can be studied demonstrated the presence of a TP53
pathogenic variant. Pertinently, the SBDS mutation contains an escape mechanism consisting of TP53
activation that maintains protein synthesis. Those gain-of-function variants may generate malignant clones
emerging leading to malignant hemopathies.12 The pathogenicTP53 variants found in #5254 and #5726
raise the possibility of a hypothetical common mechanism both in SDS hematological clonal evolution as
well as in tissue malignancies13, 14. Further molecular and cellular studies are needed to understand this
complication in the natural history of SDS in order to treat it15.
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Figure Legend

FIGURE 1 Kaplan–Meier estimation of the risk of solid tumor with 95% confidence interval among 155
patients with SBDS Shwachman syndrome.
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